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‘1’IIC  purc mtatio]]al  s]wdru]n  o f  a]Ag c)xygcu) i]] its first  cxcitd  viljra-

tiona] shk as  well as tlIc  .grouIId vil)rational  si,ak r o t a t i o n a l  s]m.tra d

‘GO]80  al]d ’802  iII t h e i r  a s t a t e s  IIavc hII ohrvcd. l)rccisc ])aramckrs

dcscril)i]lg  the s]xxtra  llavc. bcw dctmnind  and al] accurak  value lIas Imcll

dcrivccl  for tlIc  cqui]ibrium  intcwahmic d i s t ance  in the IIc)r]l-()]j])cllllcilllcl

lilnii.
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Watson  [1 ,2] has sllowll that tllc isotope dcpc!lldcllcc of tl)c l)ullllaln  cc)-

cflicicllts  for a diato]nic.  molccu]c call }K cxlmssd ill rclativdy  sim])]c  fcmn.

1“01 a IIomonuclcm  diatomic Inolccu]c  tllc  IIUIIIkr  of indqmldcnt  paIaIIIctcrs

quid to fit the rotational spectra of scwcral isotq)ic  spcc.  ics is quite  small

al)d tlIcsc may h well dctcrlnind  with a lilnitd  alnoullt  of data. A IIUmlM

of })urc rotat ional  t ransi t ions of  al Ag 02 ill its v = 1 stak as WCII  as SOIIIC

v = O tral)siticms  for 160180  and lmz IIavc Imm  mmsuld.  W}lcn tllmc

Incasumncnts  arc coml~illcd  witlI t h o s e  l)rcvious]y  rc~mrtcd  for tllc  grouIId

vil)ra.tiona]  lCVCI of tlIc  a]A<q state of ’602 [3], they allow tile dctcrminatiol)  of

tlIc deviation of the rotational coIlstallts  fl om })rdictiolls  hascd  olI the l{cml-

ol)pcllllcilncr  al)l)loxilll:itioll. AII isotol)ical]y  illdc})cl)dcllt  v.aluc c.aI~ tl~m) I)c

derived for tllc cquilibriu]n  bond  lcngtl  I, r~[) , in tl~c lloll~-O})lJcIlllcilIlcl  lilnit.

It is interesting to compam  the WatsoI1  colrcctioll  to the rotational constal]t

of oxygen in its a]Ag state with that ohtaind  l~y ‘J’imnanll  [4] for tllc 3);.;

02 clcctrollic  grouIld  state .

];X1’};}tIh4):N’l’Al/  l) IYJIAII,S

‘1’lIC  a]Ag 02 was ]nadc ill a ]mitivc  column disc] ]argc ccl] a~)l)roxilnatcly

l]n long by 1 Ocm diameter. A similar sized  IIOIIOW catllodc  ccl] l~roducd  sev-

eral times less mctastab]c  02, Normal 02 was slowly  flowed  through tlIc  dis-

’80 cmricllcd saml)lcs  wclc ol)scrvcd  ulldcr static conditions.c.llargc, l)ut  tl]c
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Aljproximatc]y  150 m’1’orr of pum 02 al]d a discharge cLIrrcIIt  of R 701na were

used. ‘J’l IC signal frol]l LIIC isotcq)ic slmcics dimillisllcd  lnarkcxlly  after scvcra]

lnilmtcs ill the dischaqp  lnaking  dctcctioll of tllcir v =-- 1 states ilnprac.timl.

All but  tlIc  J = 5- 4, u = 1  tral!sitio]l  w e r e  ]ncasurcd  using  a millilnctcr

spcc,tromctcr  wllicll has Ijccn dcscribcd  by EIIC1O and  IIirota [5].  ‘1’llat  trall-

sition was measured using  similar ])rcssurcs  a]ld current with a s}wctromclm

dcscribccl  by ]Iirk,  ct al,, [6] with a roofto~) reflector cml)loycd  to doub]e tllc

effective absorption pat]]  to ap}}roximatc]y  1,8 Inctcrs.

‘.I’ll 1’:O1{Y

‘J’IIc expression for the mcrgy  ICVCIS of a IIlolcculc  in a ‘ A state  may h

writtcll

*  =  ~M,,,L(l~  + ;) ’[J(J - 1  1 )  - 4 ] ‘“ -1 .l(:)[J(J -t l)][J(J - 1  1) -  21 (1)
l,m

‘J’lIc }<,,,, arc the usual l)unlla]n  codlicicnts,  q is t]lc A  doub l ing  collstal]t,

and -y =: (-.1 )J for tllc IIomolluc]car  sl)ccics and  +1 for 160180.”

It is assumed that tlIc  ordinary l)u 1~1 IaIn cxjjrcssiol]s  for IJu and 1),, arc

Va]id so t]*at

al I d



(5)

}jl is not dckr]nillal)lc  frcnn these ]ncasurmncnts  lJut is availal)lc  from CA1{S

data [7] .  It is t)te  largcxt sourcm of ullcxxtail]ty  il] i,l)c mportd ?Jaralndms.

I t  isf[]rtllerass~llllccl  that  cxcq)tfor  KM, tllc usual  is~jt(jl)crclatiollsllil)

((i)

is valid within expcrilncntal  ullc.crtailltics  where if is tlIc  rcduccd lnass  using

atomic  masses.

l)y Watmn [1,2]

l’or a l]omonuc]car  diatolnic  mc)lcc.ulc  tllc cxprcssioll  givcll

IM!comcs

Y& : 11;0
(’--”C3C3

(7)

Wllcm

(8)

is ihc llor]]-O])~)cI)l]ei]]]cr  rotationa]  constant and is exactly proportional to

}1-’. ‘J’hc do cmstallt  includes conhil)ut  ions fmm the 1 )ullllam  comztion

to }~1 found in tllc standard texts [7] as wcl] as adiabatic aIId Iloll-adial)atic

corrections. ‘J’llellc)ll-a(lial.)atic  part of do isrclatcd  totllc  rotational  g factor

cxprcsscd  in nuclear magnetons  by

}I{gf
(l;, z - . . . . .

21)lt,  “

‘1’llis  last contril)utiol~  is cxlmctcd to h tlIc dolllillallt  c)nc.

(9)
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]iIIXUl;l’S  AN]) ])lSCUSSl  ON

‘l)lIC newly lncasurcxl  t ransi t ions arc listed ill ‘J’al)lc  1 along  with tllosc

rcportml  ill ltd. 3. ‘J’hcsclIavcbccII  f i t ted ~lsil]g  agcllcral  fittiligrc)lltillc  [9]

to tlIc  paranmtms  listed ill ‘J’al)lc  2 wit]) t,llcir  isotol)c  dclmndcIIc.cs  fixed as

indicatccl.  ‘J’l Ic observed minus m.lculatcd  frcqucncics  usi]lg  tllcsc parameters

arc SIIOWII with tllc measured frcqucllcim ill ‘J’al)lc  1. ‘J’hc l)aralnctcrs ]istcxl

in .Tab]c 2 arc cflcciim paralnctcrs  sillcc tlIcy  have l.mII dctcrlnincd  with tlIc

assulJlpti  Cnl that }\] D (). ‘JIIIC ])aramctcrs  W]licll  arc ziffcctcd  by }’21 ]Iavc

their  dcpcndcnm  on this lmamclm  sl)own ill tJIc last c.c)lumn.

}<1 is rq)ortcd  by Nich and  Valclitilli  [7] based  upm) analysis of CA1{S

slmc.tra  of lligl]ly excited products of l)l]oto(lissc)ciat(:cl  ozone.  g’}lcir  value

for }jl of - 1.35(17) MIIz is quite rcasollal~lc, l)utl  l,llcir value for 111 -  }J’O

of - 518.3(8) M]lz is in serious disagrcclllcnt  wit]] tlIc  cffcctivc  J< I value of

-51 3.087(6) hlllz in ‘l’able 2. llrault [10] has }mvidcd  mcasurcmcnts  of the

a <-- X 1 – O and O – O bands  for ’602  as wc 11 as tl)c  O --0 bane] of 1GO]80.

‘J’hcsc mca.surmmnts,  whit.]1 were made at higl]  rcsolutiml  with tl]c  h4ch4atll-

l’icrcc Four ie r  t r ans fo rm spcctromdcr  at the Natimlal %lar ohscrvatory,

Kitt l’cak,  Arizm]a,  arc ]wrfcc.tly  Cxnlsistcnt  wit]] tl]c  data a]ld p a r a m e t e r s

rc}mrtcd  IIcrc. If tllc  CAI{S s]xxtra arc fitted simultallcous]y  with tlIc  ‘G02

v = O aJ]d v == 1 rotatiol]al  sj)cctra, tlmc is a significant  deteriorat ion ill tllc

overall quality of the fit from that rcl)ortcd ill l{cf. 7. hlorcovcr,  tllc value of

}21 lmomcs approximatcdy  -4.3 h411z. ‘J ‘)iis  is not on] y quite  diflcrcnt  from
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that iII ILcf. 6, but  it scxms  km large iII lnagylitudc.  ‘J’l}c l{cf. 7 value of }\l

is ]~ot Inuc]l diffcm]t fmn wlIat OIIC lnigllt  cstilnatc  from a hlmsc pokntia]

W i t h  t!]lc! ICpoltcd  ti~x~. ‘1’IIC  discrcl)allcy bctwmm  this work and tllc CAIM

data disap])cars  if OIIC assuIncs  tl]at tlIc calil)ration  of tlIc  CAI{S Slmctra  was

in error. ‘J’his  would leave the rcporicd  va]uc  of }21 cssmltially  uncllangcxl

within its uncertainty. lrrcspcdivc  of tlIc  souIcc of discrcpallq’  bdwccn tlIc

C A R S  and the pmcnt vzduc of };] - ]Jo, tlIcIc smns to bc 110 doul)i  froln

tlIc  CAIU3 data that }’21 is negative.

‘J’able 3 contains the derived Cm]lstallk  r~” and d. ‘1’lIcsc arc rc})ortcd

both for Yzl = O and for }~1 as givcll ill l{cf. 7. ‘J’lIc  Clcrivativcs wit]) rcslmct to

)fl arc also shown. ‘J’hc ullccrtaintics  of tl)c }~1 == O parameters reflect oIIly

the uncertainties of tlm cffcctivc j)aral]lctcrs  ill ‘1’able 2. ‘J’hc uncertainties of

tl)c  para]nctcrs derived wit]] the litcratulc  value of }’ZI illcludc  the rcl)ortcxl

uncmtainty  of tllc CAIM dctcrlnillatioll. 1 kniivcd  rotational col]stallts for tllc

g;round a]ld first cxcitccl  states of all tl)rcc slm.ics arc also listed as arc tlIc

}’& ‘s. Effcctivc  re)s llavc  bccm c.alculatcd  f] om tllc }~1’s  usil)g tllc rdatiol)slli}~

(lo)

‘J’hcsc  arc also sl)own ill ‘J’al)lc  3.

As cxpcctcd,  the major contril)ution  to

r o t a t i o n a l  g factor SIIOWII i)] Eq.  9. lJsi I1g

do is fmn tllc  term related to tllc

hlillcr’s [13] value of - 0.2266(22)

for gr i n  h;q. 9,  onc  c]btains  f?<, =-

IIctol]s  with two standard mars.

0 . 9 0 0 ( 9 ) .  h4illcr  rcl)orts {/, in llohr  lnag-

llmc g, is stated in nuclear magllcto]ls
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wit]) Ollc Stalldald  error. llotlI JO and d~, arc al]nost  tlIc same as ‘J’imnallll

[4] dclmmincd  for tlIc  X3X; stalm. ‘J’icman]l’s  cm]clusiml  that  tlIc  adial)atic

mrrcction is small compamd to tllc IIoll-adialmtic  onc is cqual]y apl)lical)]c

to LIIC a]Ag

oxygen and

WCIC u]] Zd)lc

is clear that

state. Arringt,on,  ct al., [14]  IIave a l s o  dc,tmminccl  g, for a’ Ag

report a values of - 0.313 Iluc.]car  lnagllctol}s. Althcmgh  ik!y

to idcmtify  the sourm of tlIc  discrq)ancy  with Miller’s work, it

tllc magnitude of tl)cir g, is too great to bc consistmlt  wit]) tlIc

do dctcrmincd  here or with any do’s  de r ived  wit]]  }\l’s that  arc witllill  t he

limits imposed by the CAI{S  data. ‘J’IIc rcsu]ts  obtained lIcrc arc, IIowcwcr

in agrccmcmt  with Miller’s findiltg  tl]at g, was very CIOSC tc) tltat, of tilIc X3X;

State.

Finally,  i,l)c prccisio~l to wllicll ?’~~o(an bc dctcrlnincd  i s  comparal>]c

to that of tlIc  fundammltal cmstallts  rclatlillg  it to tl)e rotaticmal COllstallt.

*3* = 1 21 557202(25) ~ wlIe.rc tlIc~ ul)ccrtainty  rdlccts  oIIlyF’or )’21  = o, r, .

tlIc  cxpcrimmtal  unmrtaillty  in ll~~o. ‘llIIC ul)ccrtaintics  in 11 X 1 a n d  tllc

atolnic  masses IIavc LCCII igllorcd  as IIavc possihlc  IIigllcr order contributions

to the molcculm parameters. ‘1’IIc  actual  uncertainty in r~;c) is l)rimalily

duc to t h e  u n c e r t a i n t y  in }<1 with &~~c)/8}$1  = - 6.9 x  10- G ~/h!llz.  If

tlIc CAIN dctmmination  of }\l is acmratc to its quoted uncertainty, then

BO ~ 1 2155f3] 3(12) ~. ‘J’alj]c  3 shows tlllat  ?’, for?’e ’602  dctcrlnincd  ill tllc

usua l  way  f rom }& is almut 8 x 10 -5 A lo]]ger tllall  r!c) and that tllcrc is

a sllortcming  of rf of w 4.6 X 10-”6 A for eacl I 180 sllbstitution.  hlost of this
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apparcmt  shortening wit]  I isotopic substitution is duc to tllc  colltrihutioll  of gr

to do. lms f(lIaJl  10% of tlIc  effect is duc to tllc  collll)ination  of tlIc  ])unham

and adial)atic comwtions.

CONC1,lIS1ONS

hlcasurcmcnts  of the ]otatioIlal  slwctIa  of al Ag oxygcII in its first  cxcitcd

vibrat ional  s tate  along with ground  vil)rational  state lncasurcIncnts  of tlIc

two 180 substituted spmics  have lnovidcd  prccisc va]ucs  for tlIc rotational

and centrifugal distortion constants. Using  tllc  formalism clcvclopcd  by  Wat-

son, an accurate value IIas lwcm dctcrmillcd  for the illtcrato]nic  distance ill

tlIc  llorll-ol~llclllicilllcr  Iilnit. ‘J’IIc derived Inolccular  lmlamdms  IIavc 1M2c11

compa.rcd  w i t h  tl)osc  obtained  fmlll  CAl{S  studim aIId with tllosc  cx}mc.tcd

from prcvicms  dctcrlninatimls  of tllc  rotatiolla]  g factor. It is plcasil]g  to show

that the Watscm  description of tllc  isoto~)ic.  dclmIdclIcc  of }(N works well for

tllc cxcitcd  dc]ta state of 02.

E. A. C. is grateful for tl~c kind  hosl)itality  of l’rof.  l;. IIirota and l)is

collcagum  at the lnstitutc  of Molccu]ar Sc.ic]lcc. ‘J’llc  autl)ors  al)l)rcciatc tl]c

usc of 1)1. J. W. IIrault’s  l{’’J’S  data l)rior  to pul}lication.  ‘J’IIc work at the Jet

l ’ r epu l s ion  l,ahoratmy  was pcrfomcd uIldcI  a c.olltract  wit]) the National

Amonautics  and Space A(llllillistratioll.
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‘1’ab]e ]. Fitted ~’ransitions  f o r  c1 1A9 02.
————.  .

J’ - J“ l~rccl~]c]]cy(l] l)c. )/h411z O.-C.——.
’602 v =- o

3 ---2 255017.937(30) -0.006
4 --3 340006.779(20) -0.013
5 - - 4 424980.983(20) 0.020
6–5 509936.752(20) --0.015
7 --6 5!34870.607(40) 0.035
8-7 679778.668(40) 0.038
9 - 8 764657.384(40) -0.018

10- 9 849502.992(40) -0.008
Jy)2 ~) =- ]

3 - 2 251939.375(30) -0.006
4 --3 335901 .979( 30) 0.009
5-4 419849.813(30) -0.004

~G~lfy)  ~) :. ()
3 - 2 240862.786(30) -0.008
4 --3 321135.098(30) -0.019

1802 ~) = o
3 --2 226703.708(20) 0.005
4 --3 302258.092(20) 0.015
5—4 377800.850(20) -0.010——.— —



Table 2 .  M o l e c u l a r  P a r a m e t e r s  f o r  }“itting  the S p e c t r a .c

Effcctivc ‘Value/h411z Rcduccd  h4 aSS 8/8);1
l’zu’amc!tcr lk!pclldc!llcx!
IIy 42766.5220(172) - 1 0.48s4
}<1 % a. --513 !0870(64) - 1.5 --2.0000
)52 % - IIc - 0.152616(92) - 2
Yjzsspe –0.000660(175) - 2.5

27’’ed~]1P’)lP 5.4586(184) - 2 -0.2646
Y&i = 11= (k!(l) --0.637 x 10-”7 - 3

9 - - 0 . 4  !3(51) x 1 0 -5  - 4—.
a. Numbers in IJarclltllcscs  arc al~proxi~natcly  OIIC sta~idard c~ror.



Table  3. Derived Molecular l’arametcrs.ab
—— —.—.. ——.— _.— —— .—— ___
l’aram;tcl IW)2 lG~18(j  -- — 1802 — —————.—.—_

t)/tl}”]  c

—— ..—
)$1 = (1

.#o/~ 1.21 557202 (25)~ -. (i.9x lo-G
d; 0.9372 (33)d - 0.0454
}&/MIIz 42761.0634(42)’ 40380 .582.4 38000,0676 0.75
r’. /A 1.21564960(6) 1.21564527 1.21564093 - . ]c] x ]()--~

lJO/h411z 42504.5199(23) 40145.1629 37785.1581
B1/h411z 41991.4329(64) 39674.3238 37355.3392
DO/M1lz 0.152946(21) 0,136381 0.120766
D,/Mllz 0.153606(174) 0.136953 0.121258

I\, =--l.35(l7)h4Hz~
,.Ho/~ 1.2155t1133(120)~
d; o.9!N35@4)~
}~j/Mllz 42760.0508(1300) 40379.6450 37999.2031
r’e/A 1.21 566400(200) 1,21565938 1,21565476. . .
a .  llxl=505379.07  Mllz.amu. ~2,R cf. 11.  ‘“–
1,. lU(lGO) c15.9949146223  al[lu,  M(]80)  =- 17.9991G04 alllu,  Ref. 1 2 .
c .  lor’GOz  only witll}’zl  in hflllz.
d. lsotoI)ei]lde])e]lde~lt.
c .  'l'l}cllllccrtai) lticsarc aI)])roxil])atcly  tllcsaI)]cf orallisotc)]]csa  l)clclltirclyc orrclatccl.
f .  l“rolllltcf. 7 .


